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(54) SPHEROIDAL GRAPHITE CAST IRON AND EXHAUST MANIFOLD EXCELLENT IN INTERMEDIATE 
TEMPERATURE DUCTILITY, AND PRODUCTION THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce spheroidal graphite cast iron 
and exhaust manifold excellent in ductility in an intermediate temp, 
brittle region of about 400° C. 

SOLUTION: This cast iron has a compsn. contg., by weight 2.7 to 4.2% C, 
3.5 to 5.2% Si, <1.0% Mn, <0.03% S, 0.02 to 0.15% Mg (or contg. at least 
0.02% Mg and at least one or more kinds among Mg, Ca and rare earth 
elements by 0.02 to 0.15%), 0.03 to 0.20% As, and the balance Fe with 
inevitable impurities. 
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(54) [§&w<D&m *m£mz®nitnwmmm. x^y-xh7-^h\ ^^t^-eojKg^ 



(57) [gfa] 

[«»#aj C : 2. 7-4. 211%, S i : 3. 
5-5. 211%, Mn : 1. 011%WT, S : 0. 

0 311%OT, Mg:0. 0 2-0. 1 5ffiS% (£ 
ZdiMgBt< £60, 0 211%^, Mg, C 
a, #±S7cgl<D4>fc < ti> im&.± : 0. 02-0. 

1 5fiS%) , As :0. 03-0. 2 011%, g| 
gfl: F e J: a^ilT^i^ ^^^Ci^Mit^ 



(51) IntCl. 6 KffJSa^ 
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1 

SB** F e *s <fc V^pJiS^K«5^ 6 fc £ KttH«fl»«r * 
or, A s 40. 0 3 ^0. 2 0 li%t^ft 5 C i 4fi 

[19*^12] C: 2. 7-4. 211°/o, 
Si : 3 . 5-5. 2ffiS%, 
Mn : 1 . 0il°/oOT, 
S : 0. 0 3mS%WT, 

Mg:0. 0 2-0. 1 Smm%. Sfcte, Me&4>tt 
<£4>0. 0 2tt°/o^, Mg. Ca, #±ffl7C^CD 
^<<bfelffiW±:0. 02-0. 1 5S8%, 
As : 0. 03-0. 2 011%, 
BIS* : FeW V^Xm^mtfr 6& * C £ £$SSfc<h T 

[»3fc^3] £M»iUC, Si, Mn4M 

J&S&fb&a^LTC r, Mo, W, T i , V, N i , C 
u <D*i>tt < <h 1 «fct±**fr L , »SW5 F e WO'^ 
lIiB^*^6a*»ttJII«S»»c"C*or, As 40.0 
3-0.2 0*«%^"C«c4C:<b*«Fa<!:r**aStt 

[g»3fc^4] C: 2. 7-4. 2M%, 
Si : 3. 5-5. 2ft%. 
Mn : 1 . 011%WT, 
S : 0.0 3fiS%WT, 

Mg:0. 0 2-0. 1 511%, Mg*4>& 
<£&0. 0 211%^, Mg. Ca, #±S5r^<D 
4>fc < <b 4> 1 «tLb : 0 . 0 2-0. 15 M%, 
Cr, Mo. W. Ti. V(D*i>& < 4 *> 1 m&Lk : lffi 

Ni. Cu©^&< li«± : 311%OT, 
As : 0. 03—0. 2 011%, 

i m>m s ] Bui m>m 1 -i»*3i 4 mvmxm 
c n 6 ] ffi&m&m 1 -smbs 4 ^iBigco^Kn 

to 0 0 1 ] 

[0 00 2] 
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-ftmmvmstizmmrv&mztiztcisb. mat 
n/ciss i »«ji»»«3&s«fflsti-ci**. x> 

400 •cis«rffitt*fiT , r 43aR*wr*. 

10 ctitt, *iBJfifk3Hft (*Sflitt) (hSfeti, SfcttHIS 
tU ttlH^KJ:0^3&Ji6T , r63WR-c*0, eft 
[0003] *Ct. Cft6HH*»i*-r*/c«>, P$ 
-f h^KIMBHttJ (*SH836 1 -7 38 5 9-^*g) 

j i so««Mfififtj:Dm^0fiii]Ks i hskhibii 

£, iUtW. */c, Mg^P<D^WS<D<&fr^-f M 
sr/P (SStb) £8HJtSJL>/c r«^t8aMft4*©IJJS 
(UIPP7- 1 8 3 6 7#£3R) #ffifBi*ft-Ct,> 

30 [0004] 

1 -7 3 8 5 9 ^&$R&Cie*Bor> rfcWffiHBMb? x^-Y 

h«ttni&««»cj *s£zmm¥'7 - i 8 3 6 i^&mc 

n>£ 0 -ttat>% s MgflDMltt, J»K^b«iffl«F©as 
40 -3*3W**t». C(Dtc#>, i-M»ai^cn6 

[0 00 5] («W®aW) 4 0 0*C 
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SCitt<. 4 0 0*C«2-C(0*iaH{b«CC*5tt4B14 
[0 00 6] 

[ ssn* &?&*r * fc ] 

[0 00 7 ] Cm 1 *»M©*iBStt«:«tifc« 
tRJMfliSifctt. £gf&»<hOTC, Si, Mn^W 

ft* F e te J: tf^M^Wtofc 6 tt & m^MISH^-C * 
^r, A s 40. 0 3 ^0. 2 0 H%^r ft S C i *fif 10 

[0 00 8] 

[0009] cm i »iH©3a*3 ^fmvmxmsm&k 

[0010] 

tsojKJRtcoc^rttia-ri. 20 
[ooi i ] (MjA) ±a©se*a« 

*©fctf5J*ra*>-r. BKWIftffltjeviitsci 
&< , 4 0 0 W2r©*«lftfki*«:*jWiBft«:«ti 

SCi^ot, 4MUtfb*ffNMU WBttCCflU'ifc 

[0012] cm i mtmm *3SM©*a«ttK:«*i 

iS^iltC, Si, Mn^ 

»»# f e *$ct u^ajm^mmfr h a &miuuQm&e 

*^r, A s 40. 0 3 ^0. 2 0 H%^tft-5 C <b 4 

[ooi3] *mi<Dmwm&mmmtitc$h%:*§&w 

J9tt8Aft». Satire, S i, Mn**#U 
9<tKJIIS£S&fr*, As40.0 3-0.2 01imtft 

gl>7c3Rr*«5. te&ttHUDMs <t*££-OTMg<E>Jifefb 50 



* • 



1 0- 1 9 5 5 87 
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A s ©Mf^O. 0 3 fiS%*7tS<Di©^2, *i&»|jb<D 
ttffl»*#H^f#6ft&C>. */c, As©M1^0.2 

[0014] «±CC <fc 0, 4:«K<D»KHtfi«NR« k 4 

[0015] Cm 1 HJfi^JSOSfSftJBffi] *»9I<D* 

mM&tt&titcimmmmmz. me* 1 xmbbwch 

[00 16] (C©$WS> C©dW»*. 2. 7- 
4. 2MK3Wffarc*S. C«. ffiKii»l3c<D2. 6 

£MIS#fl*:fbUS< , KD^<&^(D-C, 4. 2 

[0017] (Si CD^Wfi) S i <DSm&lZ, 3 . 5 
-5. 2il%WaT*5 8 Site, S*Mifctt*JaJ± 
£tf£7tJg-C*9, 3. 5fiS%*?ir«7 0 0 # Ctt± 
r©WBMbtt#^JETS©r#S L< 5. 

"CJHFSsKtto. ft*5 % W»Mbtt*S#3h4»&K: 
S i cD^rS4 4J£fi%-5 . 2SS%i-r€>C<b 

-T£@Wr, K3R«B» fftb^Cl+S il/34 
4. 0-5. 5inciWi0l^ 
[00 18] (MnCD^WS) MnCD^ffiW:, 1. 0 
fiS%SriBASiS14*ii£T^S©r, 1. 0fiS%« 

0. 5S*%«T#<*9#»T*S 0 
[00 19] (S^Ml) S tt^iBrcJRr* 9 , ^ 

OMi^O. 0 3fig%^T#Jf?S5"C£>S 0 SflDdW 

*#0. 0 3II°/o4iBi^i 4 S*SMg^CaitS^ 

0 T JRffiSctM k * KMF*- 4 **i # * S . 
[0 0 2 0 ] (Mg CD^WS) M g W % IMfi#tfMbS*> 

r&& 0 MgO^Kt 0. 0 2-0. 1 5Ii°/o^ 

o. i sm&%zmz.zt, mmm^im^mmu . 

3 **J©Mg^«»Sffl8B(cattJO"C*SJIi6{b<D 
JSH<ttt4gMa#*4. ft*s % Mg©Ml«, 0. 0 

3-o. o 8afi%*5J:D5Kir*4 0 Mgs^o. o 

5fiS%4®x.4i, Mg#Mfb1»4&oTffifiT©® 
tt4»T4«ti*«*4. *te, JMffl»KfbA»tt. Mg 
*^ft<<t<>0. 0 211%^, Mg, Ca, #±|g 
7u3t(Di>&< i4> 1 1«±4 0. 0 2—0. 1511% 
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[002 1 ] (As (D^Wfi) A s <D#fi tt^SStt. 
0. 0 3-0. 15M%t*^> 0 Ctiicj:*), fSMV 

C : 2. 7-4. 211°/o, S i : 

3. 5-5. 211%, Mn : 1 . Offil%«T, S : 

0. 0 311%fcTF, Mg : 0. 0 2-0. 1 511% 10 
( g fcttM g «4>ft < <bfc0. 0 211%^ Me. 
C a , *±3H5E3R<Dil>3ft < £ & 1 S«± : 0 . 0 2 — 

0. 1 511%) , A s : 0. 0 3-0. 2 011%, 

<E> 0 

[0023] -ratofe. ^^osttUMa«WE». ±te 

4. 211%, S i : 3. 5-5. 211%, Mn : 

1. 011%«T, S : 0. 0 311%OT, Mg : 

0. 02-0. 1 5M% (Sfctt, Mg**J>fc< <fcfc 20 

0. 0 211%^, Mg, Ca, *±S7BR©*i>&< 
it 1««±: 0. 0 2-0. 1 511%) , tUXtj: 

[0024] ffismxmm ^m<o^mmmcmti 

Sift&{b&#<hOTC r , Mo, W, T i , V, Ni v 

^iB^«^6&*a&KiMfliiftr*or, Asa 
0 3-0.2 onmrftsci«e«trs. 

[0 025 ] *»HJ<D9Wjyfi^^«tl/c^*^» 

CC, Sttfe^fl^S^iLrC r , Mo, W, Ti, V, N 

1, Cu©4>&< <bfe iatLb*SWUr&S. CtiCC 40 
<fc 0 , SttWcDF e ti^IS^ fctt-ffl**K{bft*Jfc 

&#6, W»*K*Ift±-r*Ci*i-C*4. 
[0 026 ] «±(Ci 0 , ^ftK<D«KHIQfiNK». 4 
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[0 0 2 7 ] C93Htk^ffiOflFa«c^lS] *§ZWOtp 
aBttCCflEtiA:9KJ9Ufi«N0E». 8SfSSrl3S£te^mfc 

[0028] (Cr, Mo, W, Ti, V ) #&W<Dm 
ttHIS»«». Cr. Mo. W, Ti, VCD4>tt<ifc 
1««±*. 1. 0fi»%«T#WOTttSC<fc#»* 
UC^o CCDCr. Mo, W, Ti. Vte, lSffl%K*» 

u/toig^u*, Mo©*fti#^r**. cn 

tt, *C^Stt4#t4Rh*s*SOt % 1. 011% 
fclTrt*?*LC>. ±fB7C^CCr, Mo, W, T 

i , v©4>&< <h 1 ««±) ©»S<cM»i. 0 . 

1-0. 811%T£>£ 0 Cftfc£9, j£tt*»&5c 

[0029] (Ni, c u > *mwomviMki&mmz, 

Ni, Cu©^ft<itl«H±4, 311%«T^T 
lt&4C4#»*H,i B CCDNi, Cult HtfrfbtS 

ji7c^r$>^ 0 n i «sw*^*<Tfc*#«ii>ttCi 

c u ttl#*C^«6©»tt<k*ttJf sot, @W 
Cr. Mo. W, attfbB&fiTcSKT* 

*©r, niSftteiiTcJRi urcDN i . c u zwrn-rz 

C N i . C u ©4>«c < <fc 4> 1 «J£t±D ©*Httt*»« 

o. 2-i. oii°/o^5„ cntCcfco, K^bn 

[0 0 3 0 ] [*4Hi©B«D **4JU6JBfi8©ttiSS 

^KHISH^, C : 2. 7-4. 211%, S i : 
3. 5-5. 211%, Mn: 1. 011%t(T, S: 
0. 0 311%tTF, Mg : 0. 0 2-0. 1 511% 
($/c(iMgm< <t 0. 0 211%^, Mg, 
Ca. #±S7nfR<Dd>& < <h 4> 1 «a± : 0 . 0 2- 

0. 1 511%) v Cr, Mo, W, Ti, V<D^& < 
<t 1 ««± : 1 ll%tTF, N i , C u <Dd>& < t h 
1««±: 311%OT, As : 0. 0 3-0. 2 01 
1% , BISB : F e *5i oqFnJiB^tttt^ 6 ft 4 C <fc 4«p 

[0 03 1] r&*>%. *^©^KH§SSI£fe« t ±IB 
*^0^3*l®JKSS«:*5lir, Cr, Mo, 

W, Ti, VO'PU <thl Sti± : 1 11%«T, N 

1. Cu©*4< <b4> liiW± : 311%«T, ^Wb 
r%S. CtlCCcfcO, ^f6W<D9KHffi»0e» % 40 0 

Wittr<o4ijaift{b«cc*jw43Stt*cflEtirt»*fc©4 
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[0 03 2] C»5HM9&«) **?8<Dx*t/-x h v 

7i*-jbFHt, tpumimmzizz ts&unmtMu 

[0 034] «±CCJ:0, #^<Dx^/-x h^x* 

Ft*. 4 0 0 *c^ifi-c<Ditiaiifi^l:««:*5tf ssttcc 20 

[0035] c^6 nffl&m ^ftwomttm&m&o 
[0036] ^mmcom^mmmmmtitcmm^m 

tt, *ffilieYt«MROffiS(iwtcJ:orcpSll(i[{b3&5*^ 
BfflB»l^ffi^»4IIJ^!8fcJ:^n*n©»38 

&*J©A ssWISatt£ ^L<D&<&im*&mUX, 40 
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[0 0 3 7 ] «±«c «fc 0 . ^^O^tKIM&flftOWfi 

tsuifiiis* SrSa &t s«§-r 4 C £ #r * 4 k CO t 

tt. 4 0 0Wifir©*jWWb««:45W*jittccfli*%r 

[0038] tmi<D&mtj:mmftW(Dfm xftw&j: 
vtnmMBiSiicte^x&btizmRm&mmt. as 

o o - cifi«r©^&stt*jg«T*c<b^r*4. a 
sit Hgfe<DSiftfflSS*^"-7^ Mb-r*7c3Rrfc*a 

swafcafli-r ^ c t *mmx& £ 0 

[0 0 3 9 ] 

[0040] (»i ntfiM) #nitwt m^m^mm 

mm L , C CDM^&^«S§«^fiS*Fr 25kgg)g 

u f e - s i -m* *»iraoTgM*<bJ&ffl 

-C9 2 0°CX 3 h + 7 3 0°CX 3 h, &1§<D7 x. =y 4 V 

f4S-^: 1-6) o frfc. ^4#-^3CDi^*4tcoc^r 
[004 1] 

mi] 



(6) 
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m 




I 














C 


S i 


Mn 


P 


S 


Mg 


As 




1 


3.51 


3.81 


0.09 


0.007 


0.003 


0.036 


0.031 


m 
1 

m 
m 


2 


3.36 


3.83 


0.08 


0.006 


0.002 


0.032 


0.058 


3 


3.43 


3.73 


0.08 


0.007 


0.003 


0.033 


0.079 


4 


3.44 


3.75 


0.08 


0.007 


0.003 


0.033 


0.098 




5 


3.45 


3.78 


0.07 


0.007 


0.002 


0.035 


0.145 




6 


3.47 


3.82 


0.08 


0.006 


0.003 


0.034 


0.182 


tt 
« 


C1 


3.55 


3.87 


0.09 


0.008 


0.003 


0.038 




C2 


3.49 


3.85 


0.08 


0.007 


0.003 


0.037 


0.015 


i 


C3 




3.42 


3.86 


0.08 


0.009 


0.003 


0.038 


0.225 



coo42] tmm i 



1) , *fcttAs©SWl*s*»«©«8^ (K*» 20 
# : C 2 : C 3 ) ©BaWi, ijulBJif 1 gyfe^<hfII«<7>3S 
Jfc©Jt»JB5»4** S9SB»l3Q6«l<tRI«6Cbrf¥i!L/ 
fc <R»##: C1-C3). 

4O0W(D9IBt«*J:CJ t «WKIIK:J:0tf-3 
WrSB*** 8X4 OmmOJBttt* 9 > 2 . 5X1 

0- 4 /#o^r^srtfo/c o AVMka, 4 0 0°c 

5ISfiK»CCl:k^rffl«tcWffira/c«5)K:?f 30 

ofct>©r**K J I ss^owjueHCTBOWt* 

JBl^ BI2^7S'rJ:9*3*fllfKBi*, 4. 2X10 
* 3 mm/#CD^{4jiartf^/c 0 Jfcfc, £big^f*f4 (K 
f4#-^C 1 ) fcoc>r % KRSffi«:J:45ISB»Wrf#^© 
^{b£P<-</c 0 ^(DSSS*, 0 3Ct^rT o &*5. 
»M"B. 3 Ftf»3W*8x4 0mmOJBttr*0 1 2. 5 
x 1 0- 4 /#CDOT^iSartf o/do 
[0 04 4] (14ffi»aSWgHS«) H l<t*9l86*>&<fc 

A slW^^ii &$t|*ID<fc 5&C§£fbL'Cl> 40 
~fUt>%. tvrtlfeA sfttfO. 0 2%«Ttttf 
l/<{Et»rt*. AsWO. 0 3%%ffl^.-5i,maHCC^:# 

afii^iena. coj:^, ^laswccj:^, a s ^ 
Jn^: cfc o r «ttai6f b#ffl®u ?n^ci & . * fc , 



As»AD(c<l:&ct)aMb<D]qilHBaA» k *©*W»0. 

l%rfl&fflU 0. 2%£jfix&<t, *OJtt*3W/h3< 
tzZZtfrh, As0MiiUt^ 0. 03-0. 
2%*52*L/t^C<t^^4 0 — ^ % H3 3&>6M6*tt 

ct^cc, a s*a&»nuTi>&t>K*«^c i ottws&t 
*4r«, 4oo > c«ifi©a*r««H* u < (st u 
r&o, *«i6ft3&«*cr^sci*s»^i. £fc, 

*«HI3W:, ISScLtfrtt, Ii©»6 0%*«A--7^ 

hffl$re&ofc 0 t§ss<uivt-c4 o o 0 cfltf£tTr>fc*s 

1 Oram (HI > ctOtt^TaeSfcO©, *ffl± 

[0 04 5] (»2HJ6CT) WIBmmM&HWCO 
C**J:tfS iS«XiL^EMXJMBIMR (WMNI : 
7-9) , »tt{fc*Ba«l<bLrMffAt*>«CCa*Sli 

n^Cr. Ti, V, Mo, W?r^»nU/c^t^l8^ 

(kphw- i3-i7), msitizm^mt ux^n 
&n i , c uzmmbtcmmtssm 1 8- 

f4*fwio <«b## : 7-2 o ) % mvtm&mm>tp 

■^fc„ »6titeK»©{b*J«»*, 3l2 0C7}Vr. tcfc, 

e>ftfcissi*\ ^2^c»i±r^-ro 

[0 04 6] 
[»2] 
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• 






C 


S i 


Mn 


P 


s 


M g 


As 


* <D fife 


4 0 0^Cfc*>*fi 




7 


2.73 


5.15 


0.21 


0. 009 


0.003 


0.038 


0.098 




1. 1 2 




8 


3.82 


4.16 


0.22 


0. 008 


0.003 


0.043 


0.105 


• 


1. 3 6 




9 


4.11 


3.62 


0.27 


0.008 


0.002 


0.047 


0.142 




1. 1 8 


m 


1 0 


3.64 


3.79 


0.18 


0.008 


0.003 


0.038 


0.114 


Ca: 0.03 


1. 33 


2 


1 1 


3.79 


3.75 


0.20 


0.009 


0.003 


0.045 


0.131 


REM: 0.03 


1.2 2 


H 


1 2 


3.51 


3.73 


0.18 


0.014 




0.038 


0.095 


Ca: 0.03,RBI:0.03 


1. 30 




1 3 


3.81 


3.85 


0.24 


0.012 


0.002 


0.037 


0.105 


Cr: 0.22 


1.24 




1 4 


3.74 


3.84 


0.21 


0.009 






0.088 




1.0 5 


m 






Ti: 0.022 
















1 5 


3.81 


3.93 


0.26 


0.009 


0.002 


0.037 


0.0% 


V : 0.1 


1. 1 2 




1 6 


3.15 


5.11 


0.25 


0.010 


0.003 


0.041 


0.119 


Mo: 0.55 


1.0 4 




1 7 


3.69 


3.76 


0.20 


0.008 


0.004 


0.040 


0.107 


W : 0.71 


1. 1 6 




1 8 


3.33 


4.87 


0.25 


0.016 




0.038 


0.103 


Ni:0.60 


1. 28 




1 9 


3.64 


3.74 


0.20 


0.013 


0.002 


0.039 


0.105 


Cu: 0.20 


1.2 0 




2 0 


3.15 


4.77 


0.24 


0.012 


0.003 


0.042 


0.103 


Mo: 0.45, Ni: 0.50 


1.0 2 



[0047] mm 2 

mmtmmcLxitmL (mim^: c4-ci 7) , 



[0 04 8] 
[ft3] 

















C 


S i 


Mn 


P 


s 


Mg 


As 


* CD fife 


4 0 Wtt&M 




C4 


2.85 


5.18 


0.25 


0.008 


0.003 


0.041 


0.008 




0. 53 




C5 


3.77 


4.03 


0.18 


0.012 


0.002 


0.045 
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